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Introduction
Given a document image, document layout analysis specifies the physical embodiment of the image content.
Since table is a popular and efficient document element type, table structure extraction is an important problem in the document layout analysis field. Its application can be found in image-XML(eXtensib1e Markup Language) conversion [ 11, information retrieval, and document classification, etc.
Many table structure extraction algorithms were addressed [2] - [5] . Some of them were based on predefined table layout structure [2] or relied on complex heuristics which were based on local analysis [3] . A dynamic programming table recognition algorithm was given in [4] . It detected tables based on computing an optimal partitioning of a document into some number of tables. Because it is ASCII(American Standard Code for Information Interchange) text based, it cannot fully make use of document image information when applied to document images and its assumption of using single text column as input is relatively restrictive. A table structure recognition algorithm was reported in [ 5 ] . First hierarchical clustering was used to identify columns and then spatial and lexical criteria were used to classify headers. All of the existing algorithms were evaluated on their in-house data set. No general table ground truth data set is publicly available.
We developed an automatic table ground truthing system. It can analyze any given table ground truth and generate documents having similar table elements while adding  more variety to both table and non-table parts Although some background analysis techniques can be found in the literature( [6] , [7] ), none of them, to our knowledge, has been used in the table identification problem. In our table detection algorithm, a preprocessing algorithm is first used to label the column style of a given page and make some modifications to the line and word detection results. Second, a statistical, background-analysis-based, coarse-tofine table identification algorithm was used to identify table regions. Finally, an X-Y cut table decomposition algorithm was used to obtain the detailed table structure. To systematically evaluate and optimize the algorithms, an areaoverlapping performance evaluation method was used for table structure extraction evaluation. Our table detection algorithm was evaluated on a total of l, 125 document pages having 518 tables and a total of 10,941 cell entities. The final cell correct detection rates were around 90%. This paper is organized as follows. In Section 2, we report our automatic table ground truth generation system. We give our table detection algorithm in Section 3. Our per- formance evaluation method and experimental results are reported in Section 4. We conclude the paper by giving our future work directions in Section 5.
Automatic Table Ground Truth Generation
Many of the existing table detection algorithms were developed on a trial-and-error method. Little effort was placed on systematically evaluating the performance of Figure 3(a) shows an example of the input image and (b) shows table detection result on the same page.
Preprocessing
A column style labeling part is used to label the column structure. Assuming the maximum number of columns is two in our data set, we designed a column style labeling algorithm which can label a given page by one of the three column styles: double column, single column with marginal note and single or mixed column style.
Our column style classification is based on background analysis technique [IS] . To construct the background structure, the foreground entities are words. 
Table Identification Algorithm
Our [ 131 can be directly computed in each rectangular layout structure set. In our current system, we only try to decompose the identified tables into cells, so the performance evaluation was only done on cell level. The numbers and percentages of miss, false, correct, splitting, merging and spurious detections on real data set and on the whole data set are shown in Table 1 .
Conclusion and Future Work
In this paper, we described a system which can automatically generate various table ground truth based on some predefined parameters. These parameters can be estimated from the real table instances. We developed a novel background-analysis-based table detection algorithm. We defined table detection performance evaluation problem as the conespondence between ground truth and detection results on different levels. We conducted the experiments on 1,125 document pages having 518 table entities and a total of 10,941 cell entities, the accurate segmentation rates on cell level were around 90% on both real and whole image data sets.
There are many open problems in the 
